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METHOD AND APPARATUS FOR DISPLAYING A VIRTUAL WORLD 



5 BACKGROUND OF THE INVENTION 

This invention relates to virtual reality systems and, 
more particularly, to an apparatus for displaying a virtual 
world. 

Virtual reality systems use computers and peripheral 

10 devices to enable users to perceive and interact with computer 
generated worlds. In a typical virtual reality system, a user 
wears garments outfitted with devices which provide information 
about the position and orientation of the user relative to a 
fixed reference point. The information is used by the computer 

15 system to create a virtual being, wherein the virtual being 
emulates the position, orientation, and movements of the user. 
The database also includes a virtual environment in which the 
virtual being exists, and the virtual being may act upon 
virtual objects in the virtual world in a manner which emulates 

2 0 the actions of the user. For example, the virtual being may 
pick up a virtual ball and throw it, or the virtual being may 
use a virtual knife to cut a virtual steak. 

To allow the user to perceive the virtual world and 
the actions his or her virtual being within it, the computer 

25 animates the virtual world together with the virtual being and 
projects the virtual world from the viewpoint of the virtual 
being onto a head-mounted display. As the user moves around, his 
or her actions are sensed by the instrumented garment and used 
by the computer to alter the position and orientation of the 

30 virtual being within the virtual world. The displayed image is 
also modified to follow the viewpoint of the virtual being so 
that the user is led to believe he or she actually exists in the 
virtual world. Thus, a user nay lower his cr her head and look 
underneath a virtual table, cr -he user -ay v;ai:-: ever to = 
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virtual light switch and, by appropriate movements of the user's 
hand, turn the switch on and off. 

An important feature in any virtual reality system is 
the ability to animate and display the virtual world in a manner 
which makes the user believe he or she actually exists within 
the virtual world. For example, the displayed image must 
realistically translate and rotate as the user's head translates 
and rotates. Consequently, virtual worlds are usually rendered 
using a database which stores data for all three dimensions for 
every structure in the virtual world, and the structures are 
positioned, translated and rotated accordingly. Unfortunately, 
translation and rotation of structures in three-dimensional 
space, assignment of pixel values to correspond with the three 
dimensional view, and generation of the image on the head 
mounted display in real time requires substantial computing 
resources. This makes virtual reality systems very expensive 
and beyond the general consumer market. 

SUMMARY OF THE INVENTION 

The present invention is directed to a method and 
apparatus for displaying a virtual world which reduces the 
amount of computing resources needed to display the virtual 
world by rendering the virtual world using a reduced amount of 
image data. In one embodiment of the present invention, a 
database stores image data corresponding to an image which 
extends along first and second generally perpendicular image 
axes. A display device is mounted for movement with the user's 
head in proximity to the user's eye, and an image generating 
circuit generates a subportion of the image on the display 
device using coordinate data which varies only for the first and 
second image axes. A movement measuring circuit measures 
movement of a user's body part, such as the user's head, and, as 
the user moves (e.g., rotates his or her head), the image 
displayed is translated along one of the first or second image 
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axes by an amount proportional to the amount of movement. For 
example, if the user rotates his or her head about a vertical 
axis, the displayed image translates along the horizontal axis. 
The begin and end points of the image are logically coupled for 
5 forming a continuous 3 60° image. Thus, if the user rotates his 
or her head in a circle, he or she will view a continuous 
"cylindrical" world. The cylindrical world adequately simulates 
a three-dimensional virtual world, but without complicated and 
expensive three-dimensional graphics processing. 

10 In the preferred embodiment, the display device 

comprises first and second display screens, one for each eye. 
The image displayed to one eye is offset by the image displayed 
to the other eye for providing a sense of depth. Multiple 
images may be superimposed on each other, each having a 

15 different offset, to further simulate a three dimensional 
environment . 

The movement measuring circuit may comprise a 
plurality of radiation emitters disposed about the person's body 
part and a sensor disposed at a fixed reference point which 

20 detects the identity of the radiation emitters and/or the 
intensity of radiation emitted by each emitter. As the user 
rotates his or her body part, the sensor detects radiation from 
whichever radiation emitter is within view. The identity of the 
radiation emitters from which radiation is sensed may be used to 

25 calculate the rotational position and/ or velocity of the user's 
body part. This data, in turn, may be used for translating the 
image on the display. Alternatively, a plurality of sensors may 
encircle the user's body part for sensing radiation emitted from 
a single radiation emitter. The identity of the sensors which 

30 receive radiation and/or the intensity of radiation received by 
the various sensors may be used to calculate the position and 
rotational velocity of the user's body part. 

BRIEF DESCRIPTION OF THE DRAWINGS 

35 
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Figure l is a diagram of portions of a virtual reality 
system including a particular embodiment of an apparatus 
according to the present invention for displaying . a virtual__ 
world; 

Figure 2 is a diagram of a particular embodiment of a 
two dimensional image displayed by the apparatus of Figure 1; 

Figure 3 is a diagram showing how a portion of the 
image of Figure 2 is generated using graphical characters; 

Figure 4 is a diagram showing how the virtual world is 
displayed to the user as a single cylinder; 

Figure 5 is a diagram showing how the virtual world is 
displayed to each of the user's eyes; 

Figure 6 is a diagram showing how the apparatus 
according to the present invention displays a virtual world 
comprising a plurality of superimposed cylinders; 

Figures 7A, 7B, 8A, 8B, 8C, 9A and 9B are diagrams 
showing particular embodiments of movement measuring circuits 
according to the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Figure 1 is a diagram of relevant portions of a 
virtual reality system 10 which incorporates features of the 
present invention. Virtual reality system 10 includes a head 
mounted display 14 for displaying images of a virtual world, 
position/tilt headgear 34 and a sensor 38 for providing data 
used for measuring the rotational position and velocity of the 
user's head about a horizontal X-axis 40 and a vertical Z-axis 
42, a processor 50 for rendering the images in accordance with 
the data from headgear 34 and sensor 38, and a control unit 26 
for interfacing head mounted display 14 , headgear 34 and sensor 
38 to processor 50. Head mounted display 14 is coupled to 
control unit 26 through a communication path 30, headgear 34 is 
coupled to control unit 2 6 through a communication path 42, 
sensor 38 is coupled to control unit 26 through a communication 
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path 46, and control unit 2 6 is coupled to processor 50 through 
communication paths 62 and 66. 

Head mounted display 14 includes display screens 18 
and 22 disposed in front of the user's eyes for displaying 
5 separate but overlapping images of the virtual world to each 
eye. Processor 50 includes an image generator 54, an image 
database 56, and a position/ velocity calculating circuit 58. 
Position/velocity calculating circuit 58 receives the data from 
headgear 34 and sensor 38 through communication path 62 and 

10 calculates the rotational position and velocity of the user's 
head about axes 40 and 42. Image generator 54 uses the position 
and velocity calculations from position/velocity calculating 
circuit 58 in conjunction with the image data stored in image 
database 5 6 to render portions of the image which then may be 

15 communicated to control unit 2 6 through communication path 66 
and thereafter to head mounted display 14 through communication 
path 30. 

Figure 2 is a diagram showing a particular embodiment 
of an image 70 which may be stored in image data base 56. Image 

20 70 extends along a horizontal X' axis 68 and a vertical Z' axis 
70 as shown. In this embodiment, image 70 comprises a plurality 
of multi-pixel blocks of graphical characters 72(1,1) through 
72 (J, K) , and the graphical characters extend from an address 
ADDR-1 to an address ADDR-K. Of course, the graphical 

25 characters need not be stored in contiguous physical locations 
within image data base 56 as long as the appropriate address 
pointers are capable of grouping the graphical characters 
together to form each displayed frame. Furthermore, there is 
not necessarily a one-to-one correspondence between the address 

30 number and the character number. The numbers used herein are 
for convenience in understanding only. 

Image database also stores "sprites," such as sprite 
80, which may be superimposed on image 70 in any desired 
location. Unlike image 70, sprites ordinarily comprise bit- 

35 mapped images rather than graphical characters, and they may be 
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superimposed on image 7 0 at any pixel location (ie., they need 
not be placed at character boundaries) . 

In this embodiment, M horizontal graphical characters 
and L vertical graphical characters comprise' each displayed 
5 frame, where typically L<<K and M<<J. See Fig. 3. As the user 
rotates his or her head about X axis 40 and/or Z axis 42, the 
portions of the image displayed on display screens 18 and 22 
change accordingly. Thus, as the user rotates his or her head 
about Z axis 42, image generator 54 may initially display the 
10 image located between addresses ADDR-1 and ADDR-M and then 
scroll to the image located between addresses ADDR-N and ADDR- 
(M+N) . Preferably, the scrolling velocity is proportional to 
the rotational velocity of the user's head about the relevant 
axis. 

15 Since the user may rotate his or her head more than 

360° , it is necessary to accommodate this rotation by logically 
coupling the beginning address of the image (ADDR-1) to the end 
address of the image (ADDR-K) so that image generator renders a 
continuous "cylindrical" image as shown in Figs. 4-6. In this 

20 embodiment, the image at ADDR-1 through ADDR-M and ADDR-(J-M) 
through ADDR-J are duplicated. As the user rotates his or her 
head, e.g., clockwise about Z axis 42, the address pointer for 
image generator 54 increments until it reaches ADDR(J-M) . At 
that time the address pointer value switches to ADDR(l) , thus 

25 simulating the continuous image. The same thing occurs when the 
user rotates his or her head in the opposite direction. 
Since the headgear 34 measures rotation of the user's head about 
horizontal X axis 40 as well, image generator 54 may display 
different vertical portions of image 70 depending on the 

30 rotational position of the user's head about axis 40 as shown in 
Figure 4 . 

In the preferred embodiment, the separate images 
displayed on display screens 18 and 22 are not exactly the same. 
Instead, they are offset in order to provide a stereo (depth) 
35 effect. For example, as shown in Fig. 5, the portion of the 
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image from ADDR(N) through ADDR (M+N) may be displayed to the 
user's left eye on display screen 22, while the portion of the 
image from ADDR (N+l ) through ADDR (M+N+l ) may be displayed to the 
user's right eye on display screen 18. Preferably, the images 
are offset by an integral number of graphical characters. The 
amount of separation may be set to control the perceived depth 
of the image. The further apart the images are, the closer the 
perceived image. 

The foregoing may be extended to the maintenance of 
multiple images in one or more data bases for the generation of 
superimposed cylinder worlds. As shown in Fig. 6, multiple 
images may be superimposed where the offset for one image 
differs from the offset of another image. The image having the 
greater offset will appear closer. The composite image will 
appear three-dimensional, but without using a three-dimensional 
data base or three-dimensional graphics processing. 

Figures 7A, 7B, 8A, 8B, 8C, 9A and 9B show various 
embodiments of those portions of headgear 34 used for measuring 
rotation about Z axis 42. Figure 7A shows an embodiment wherein 
a plurality, e.g., three radiation emitters lOO(A-C) encircle 
the user's head, preferably in a common plane. Each radiation 
emitter may emit radiation at different frequencies, or else the 
individual radiation emitters may be selectively turned on and 
off so that the identity of the emitters may be ascertained 
using sensor 3 8 which is disposed generally perpendicular to the 
vertical axis of rotation. In the embodiment shown in Figure 
7A, sensor 38 senses the intensity of radiation received from 
radiation emitters 100, 102 and 104 to determine which radiation 
emitter is in view of sensor 38 and which radiation emitter is 
closest to sensor 38. As shown in Figure 7B, the intensity of 
radiation received from radiation emitter 100 is less than the 
intensity of radiation received from emitter 102, and no 
radiation is sensed from emitter 104 . This data may be used to 
calculate the rotational position of the user's head about Z 
axis 42. 
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Figures 8A, 8B and 8C show another embodiment of 
headgear 34 wherein numerous radiation emitters 102A-L encircle 
the user's head. This device may operate the same way as the 
device shown in Figure 7A wherein the identity of and intensity 
5 from the various radiation emitters are used to calculate the 
rotational position of the user's head. Alternatively, since 
many radiation emitters are disposed about the user's head, the 
rotational position of the user's head may be accurately 
ascertained merely by identifying which radiation emitter is in 
10 view. 

Figures 9A, 9B, and 9C show another embodiment of a 
rotation measuring device similar to the device shown in Figure 
8A, except a plurality of radiation sensors encircle the user's 
head for sensing radiation from a single radiation emitter 112. 

15 As shown in Figure 9B, the intensity of radiation received by 
each sensor together with its identity may be used to ascertain 
the rotational position of the user's head. Alternatively, as 
in the embodiment shown in Figure 8A, the rotational position of 
the user's head may be ascertained by the identity of sensors 

20 which receive any radiation at all from emitter 3 8A as shown in 
Figure 9C. 

In all embodiments the rotational velocity of the 
user's head may be measured by the rate of change in amplitude 
of the sensed radiation or by the rate of change of the 

25 identified sensors. Alternatively, force-sensitive resistors 
may be used to measure torque and hence acceleration and 
velocity. Backup sensors (e.g., in the form of additional 
radiation emmiters and sensors) may be employed to prevent false 
indications of motion or no motion under constant acceleration 

30 conditions. 

The same schemes may be used to calculate the 
rotational position and velocity of the user's head about X axis 
40. However, in this embodiment a pitch sensor 120 is used to 
measure the degree of pitch of the user's head. Pitch sensor 

35 120 may comprise a conventional bead sensor which employs 
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gravity to measure the degree of pitch, or some other well-known 
pitch sensor. 

While -the above is a complete —description of a 
preferred embodiment of the present invention, various 
modifications may be employed. For example, any body part of 
the user may be used to control scrolling of the image (such as 
the user's hand) . Conseguentially , the scope of the invention 
should be ascertained by the following claims. 
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WHAT IS CLAIMED IS : 

1. An ...apparatus for displaying, a virtual world.. 

comprising: 

5 image storing means for storing image data 

representing an image which extends along first and second 
generally perpendicular image axes; 

movement measuring means for measuring movement of a 
body part of the user; 

10 a display screen mounted for movement with the user's 

head in front of the user's eyes; and 

image generating means, electrically coupled to the 
image storing means, to the movement measuring means, and to the 
display means, for generating a portion of the image on the 

15 display screen using coordinate data which varies only for the 
first and second image axes, the image generating means 
including image translating means for generating a portion of 
the image on the display screen that is translated along one of 
the first or second image axes by an amount proportional to an 

20 amount of movement of the user's body part. 

2. The apparatus according to claim 1 wherein the 
image storing means stores only a two-dimensional image 
comprising multi-pixel blocks of graphical characters. 

25 

3 . The apparatus according to claim 1 wherein the 
movement measuring means comprises rotation measuring means for 
measuring rotation of the user's body part, and wherein the 
image translating means generates a portion of the image that is 

30 translated by an amount proportional to the amount of rotation 
of the user's body part. 

4 . The apparatus according to claim 3 wherein the 
first axis is a horizontal axis and the second axis is a 

35 vertical axis, and wherein the image translating means generates 
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a portion of the image that is translated along the horizontal 
axis by an amount proportional to the amount of rotation of the 
user's body part. . 

5 5. The apparatus according to claim 3 wherein the 

rotation measuring means comprises vertical head rotation 
measuring means for measuring the amount of rotation of the 
user's head about the vertical axis, so that the image 
translating means translates the portion of the image along the 
10 horizontal axis by an amount proportional to the amount of 
rotation of the user's head about the vertical axis. 

6. The apparatus according to claim 5 wherein the 
rotation means further comprises horizontal head rotation 

15 measuring means for measuring the amount of rotation of the 
user's head about the horizontal axis, and wherein the image 
translating means generates a portion of the image that is 
translated along the vertical axis by an amount proportional to 
the amount of rotation of the user's head about the horizontal 

20 axis. 

7. The apparatus according to claim 3 wherein the 
image has a start point and an end point along the first axis, 
and wherein the image generating means couples the start point 

25 to the end point when generating the image so that a continuous 
3 60 degree image is displayed to the user as the user's body 
part rotates about the second axis. 

8. The apparatus according to claim 7 wherein the 
30 first axis is a horizontal axis and the second axis is a 

vertical axis, and wherein the image translating means generates 
a portion of the image that is translated along the horizontal 
axis by an amount proportional to the amount of rotation of the 
user's body part about the vertical axis. 



35 
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9. The apparatus according to claim 8 wherein the 
rotation measuring means comprises vertical head rotation 

measuring means for measuring the amount of rotation of the 

user's head about the vertical axis, so that the portion of the 

5 image is translated along the horizontal axis by an amount 
proportional to the amount of rotation of the user's head about 
the vertical axis. 

10. The apparatus according to claim 9 wherein the 
10 rotation means further comprises horizontal head rotation 

measuring means for measuring the amount of rotation of the 
user's head about the horizontal axis, and wherein the image 
translating means generates a portion of the image that is 
translated along the vertical axis by an amount proportional to 
15 the amount of rotation of the user's head about the horizontal 
axis. 

11. The apparatus according to claim 10 wherein the 
image storing means stores only a two-dimensional representation 

20 of the image comprising multi-pixel blocks of graphical 
characters. 

12 A method for displaying a virtual world 
comprising: 

25 storing image data representing an image which extends 

along first and second generally perpendicular image axes; 

measuring movement of a body part of the user; 
mounting a display screen for movement with the user's 
head in front of the user's eyes; and 

3 0 generating a portion of the image on the display 

screen using coordinate data which varies only for the first and 
second image axes, the portion of the image being translated 
along one of the first or second image axes by an amount 
proportional to an amount of movement of the user's body part. 

35 
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13 . The method according to claim 12 wherein the 
image data storing step comprises the step of storing only a 
two-dimensional image comprising multi-pixel blocks of graphical 
characters. 

5 

14 . The method according to claim 12 wherein the 
movement measuring step comprises the step of measuring rotation 
of the user's body part, and wherein the image generating step 
comprises the step of generating a portion of the image that is 

10 translated by an amount proportional to the amount of rotation 
of the user ' s body part . 

15. The method according to claim 14 wherein the 
first axis is a horizontal axis and the second axis is a 

15 vertical axis, and wherein the image generating step further 
comprises the step of generating a portion of the image that is 
translated along the horizontal axis by an amount proportional 
to the amount of rotation of the user's body part. 

20 16. The method according to claim 15 wherein the 

rotation measuring step further comprises the step of measuring 
the amount of rotation of the user's head about the vertical 
axis, and wherein the image generating step further comprises 
the step of generating a portion of the image that is translated 

25 along the horizontal axis by an amount proportional to the 
amount of rotation of the user's head. 

17. The method according to claim 16 wherein the 
rotation measuring step further comprises the step of measuring 
30 the amount of rotation of the user's head about the horizontal 
axis, and wherein the image generating step comprises the step 
of generating a portion of the image that is translated along 
the vertical axis by an amount proportional to the amount of 
rotation of the user's head about the horizontal axis. 

35 
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18 . The method according to claim 14 wherein the 
image has a start point and an end point along the first axis, 
and wherein the image generating step further comprises the step 
of coupling the start point to the end point when generating the 

5 image so that a continuous 3 60 degree image is displayed to the 
user as the user's body part rotates about the second axis. 

19 . The method according to claim 18 wherein the 
first axis is a horizontal axis and the second axis is a 

10 vertical axis, and wherein the image generating step further 
comprises the step of generating a portion of the image that is 
translated along the horizontal axis by an amount proportional 
to the amount of rotation of the user's body part. 

15 20. The method according to claim 19 wherein the 

rotation measuring step comprises the step of measuring the 
amount of rotation of the user's head about the vertical axis, 
and wherein the image generating step further comprises the step 
of generating a portion of the image that is translated along 

20 the horizontal axis by an amount proportional to the amount of 
rotation of the user's head about the vertical axis. 

21. The method according to claim 20 wherein the 
rotation measuring step further comprises the step of measuring 

25 the amount of rotation of the user's head about the horizontal 
axis, and wherein the image generating step further comprises 
the step of generating a portion of the image that is translated 
along the vertical axis by an amount proportional to the amount 
of rotation of the user's head about the horizontal axis. 

30 

22. The method according to claim 21 wherein the 
image storing step comprises the step of storing only a two- 
dimensional representation of the image comprising multi-pixel 
blocks of graphical characters. 

35 
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23. An apparatus for displaying a virtual world 
comprising : 

image storing means for storing image data 
representing a first image which extends along first and second 
5 generally perpendicular image axes; 

movement measuring means for measuring movement of a 
body part of the user; 

first and second display screens mounted for movement 
with the user's head, the first display screen being disposed in 
10 front of a first one of the user's eyes, and the second display 
screen being disposed in front of a second one of the user's 
eyes ; and 

image generating means, electrically coupled to the 
image storing means, to the movement measuring means, to the 

15 first display screen, and to the second display screen, for 
generating a portion of the first image on the first and second 
display screens using coordinate data which varies only for the 
first and second image axes, the image generating means 
including image translating means for generating a portion of 

20 the first image on the first and second display screens that is 
translated along one of the first or second image axes by an 
amount proportional to an amount of movement of the user's body 
part . 

25 24. The apparatus according to claim 23 wherein the 

portion of the first image generated on the first display screen 
is offset from the portion of the first image generated on the 
'second display screen. 

30 25. The apparatus according to claim 24 wherein the 

image storing means stores only a two-dimensional images 
comprising multi-pixel blocks of graphical characters, and 
wherein the portion of the first image generated on the first 
display screen is offset along the first axis from the portion 
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of the first image generated on the second display screen by a 
first selected number of graphical characters. 

26. The apparatus according to claim 25 wherein the 
5 image storing means additionally stores image data representing 

a second image which extends along the first and second image 
axes, wherein the image generating means generates a portion of 
the second image on the first and second display screens using 
coordinate data which varies only for the first and second image 

10 axes, the second image being superimposed on the first image, 
wherein the image translating means generates a portion of the 
second image on the first and second display screens that is 
translated along one of the first or second image axes by an 
amount proportional to an amount of movement of the user's body 

15 part, and wherein the portion of the second image generated on 
the first display screen is offset from the portion of the 
second image generated on the second display screen by a second 
selected number of graphical characters, the second number being 
different from the first number. 

20 

27. The apparatus according to claim 26 wherein the 
movement measuring means comprises rotation measuring means for 
measuring rotation of the user's body part, and wherein the 
image translating means generates portions of the first and 

25 second image that are translated by an amount proportional to 
the amount of rotation of the user's body part. 

28. The apparatus according to claim 27 wherein the 
first axis is a horizontal axis and the second axis is a 

30 vertical axis, and wherein the image translating means generates 
portions of the first and second images that are translated 
along the horizontal axis by an amount proportional to the 
amount of rotation of the user's body part. 



DCID:<WO 950941 1A1 I > 



WO 95/09411 PCT/US94/10590 



17 

29. The apparatus according to claim 28 wherein the 
rotation measuring means comprises vertical head rotation 
measuring -means - for measuring the amount of rotation of the 
user's head about the vertical axis, so that the image 
5 translating means generates portions of the first and second 
images that are translated along the horizontal axis by an 
amount proportional to the amount of rotation of the user's head 
about the vertical axis. 

10 30. The apparatus according to claim 29 wherein the 

rotation means further comprises horizontal head rotation 
measuring means for measuring the amount of rotation of the 
user's head about the horizontal axis, and wherein the image 
translating means generates portions of the first and second 

15 images that are translated along the vertical axis by an amount 
proportional to the amount of rotation of the user's head about 
the horizontal axis. 

31. The apparatus according to claim 27 wherein the 
20 first and second images each have a start point and an end point 

along the first axis, and wherein the image generating means 
couples the start point in the first and second images to the 
respective end points when generating the first and second 
images so that continuous 3 60 degree first and second images are 
25 displayed to the user as the user's body part rotates about the 
second axis. 

32. The apparatus according to claim 31 wherein the 
first axis is a horizontal axis and the second axis is a 

30 vertical axis, and wherein the image translating means generates 
portions of the first and second images that are translated 
along the horizontal axis by an amount proportional to the 
amount of rotation of the user's body part. 
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33. The apparatus according to claim 32 wherein the 
rotation measuring means comprises vertical head rotation 
measuring means for measuring the amount of rotation of Jthe. 
user's head about the vertical axis, so that the image 
translating means generates portions of the first and second 
images that are translated along the horizontal axis by an 
amount proportional to the amount of rotation of the user's head 
about the vertical axis. 



34. The apparatus according to claim 33 wherein the 
rotation means further comprises horizontal head rotation 
measuring means for measuring the amount of rotation of the 
user's head about the horizontal axis, and wherein the image 
translating means generates portions of the images that are 
translated along the vertical axis by an amount proportional to 
the amount of rotation of the user's head about the horizontal 
axis. 



35. The apparatus according to claim 34 wherein the 
image storing means stores a bit map of a third image, wherein 
the image generating means generates the third image on the 
first and second display screens and superimposes the third 
image on at least one of the first and second images, and 
wherein the portion of the third image generated on the first 
display screen is offset along the first axis from the portion 
of the third image generated on the second display screen by a 
selected number of pixels. 

36. a method for displaying a virtual world 
comprising the steps of: 

storing image data representing a first image which 
extends along first and second generally perpendicular image 



axes 



measuring movement of a body part of the user; 
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mounting first and second display screens for movement 
with the user's head, the first display screen being disposed in 
front of a first one of the user's eyes, and the second display 
screen being disposed in front of a second one of the user's 
5 eyes ; and 

generating a portion of the first image on the first 
and second display screens using coordinate data which varies 
only for the first and second image axes, the portion of the 
first image on the first and second display screens being 
10 translated along one of the first or second image axes by an 
amount proportional to an amount of movement of the user's body 
part. 

37. The method according to claim 36 wherein the 
15 portion of the first image generated on the first display screen 

is offset from the portion of the first image generated on the 
second display screen. 

38. The method according to claim 37 wherein the 
20 image storing step comprises the step of stores only a two- 
dimensional images comprising multi-pixel blocks of graphical 
characters, and wherein the portion of the first image generated 
on the first display screen is offset from the portion of the 
first image generated on the second display screen by a first 

25 selected number of graphical characters. 

39. The apparatus according to claim 38 wherein the 
image storing step further comprises the step of additionally 
storing image data representing a second image which extends 

3 0 along the first and second image axes, wherein the image 
generating step further comprises the step of generating a 
portion of the second image on the first and second display 
screens using coordinate data which varies only for the first 
and second image axes, the second image being superimposed on 

3 5 the first image, the portion of the second image on the first 
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and second display screens being translated along one of the 
first or second image axes by an amount proportional to an 
amount of movement of the user's body part, and wherein the. 
portion of the second image generated on the first display 
5 screen is offset from the portion of the second image generated 
on the second display screen by a second selected number of 
graphical characters, the second number being different from the 
first number. 

10 40. The method according to claim 39 wherein the 

movement measuring step comprises the step of measuring rotation 
of the user's body part, and wherein the image generating step 
further comprises the step of generating portions of the first 
and second image that are translated by an amount proportional 

15 to the amount of rotation of the user's body part. 

41. The method according to claim 4 0 wherein the 
first axis is a horizontal axis and the second axis is a 
vertical axis, and wherein the image generating step further 
2 0 comprises the step of generating portions of the first and 
second images that are translated along the horizontal axis by 
an amount proportional to the amount of rotation of the user's 
body part. 

25 42. The method according to claim 41 wherein the 

rotation measuring step comprises further comprises the step of 
measuring the amount of rotation of the user's head about the 
vertical axis, and wherein the image geerating step further 
comprises the step of generating portions of the first and 

30 second images that are translated along the horizontal axis by 
an amount proportional to the amount of rotation of the user's 
head about the vertical axis. 

43. The method according to claim 42 wherein the 
35 rotation measuring step further comprises the step of measuring 
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the amount of rotation of the user's head about the horizontal 
axis, and wherein the image generating step further comprises 
the step of generating portions of the first and second images 
that are translated along the vertical axis by an amount 
5 proportional to the amount of rotation of the user's head about 
the horizontal axis. 

44. The method according to claim 40 wherein the 
first and second images each have a start point and an end point 

10 along the first axis, and wherein the image generating step 
further comprises the step of coupling the start point in the 
first and second images to the respective end points so that 
continuous 3 60 degree first and second images are displayed to 
the user as the user's body part rotates about the second axis. 

15 

45. The method according to claim 44 wherein the 
first axis is a horizontal axis and the second axis is a 
vertical axis, and wherein the image generating step further 
comprises the step of generating portions of the first and 

20 second images that are translated along the horizontal axis by 
an amount proportional to the amount of rotation of the user's 
body part. 

46. The method according to claim 4 5 wherein the 
25 rotation measuring step further comprises the step of measuring 

the amount of rotation of the user's head about the vertical 
axis, and wherein the image generating step further comprises 
the step of generating portions of the first and second images 
that are translated along the horizontal axis by an amount 
30 proportional to the amount of rotation of the user's head about 
the vertical axis. 

47. The method according to claim 4 6 wherein the 
rotation measuring step further comprises the step of measuring 

35 the amount of rotation of the user's head about the horizontal 
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axis, and wherein the image generating step further comprises 
the step of generating portions of the images that are 
translated along the vertical axis by an amount proportional to 
the amount of rotation of the user's head about the horizontal 
5 axis. 

48. The method according to claim 47 wherein the 
image storing step further comprises the step of storing a bit 
map of a third image, wherein the image generating step further 

10 comprises the step of generating the third image on the first 
and second display screens and superimposing the third image on 
at least one of the first and second images, and wherein the 
portion of the third image generated on the first display screen 
is offset along the first axis from the portion of the third 

15 image generated on the second display screen by a selected 
number of pixels. 

49. An apparatus for measuring positional 
characteristics of a body comprising: 

20 a plurality of radiation emitters encircling the body; 

a radiation sensor positioned for sensing radiation 
from different ones of the plurality of emitters depending upon 
a radial position of the body about an axis; and 

positional characteristic measuring means for 
25 measuring positional characteristics of the body about the axis, 
the positional characteristic measuring means comprising: 

first emitter identifying means, electrically 
coupled to the sensor, for identifying the emitters 
for which radiation is being sensed by the sensor at 
30 a first time; and 

first position calculating means, electrically 
coupled to the emitter identifying means, for 
calculating a first radial position of the body about 
the axis based on the identified emitters. 
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50. The apparatus according to claim 4 9 wherein the 
positional characteristic measuring means further comprises: 

first amplitude measuring means, electrically coupled 
to the sensor, for measuring the amplitude of radiation sensed 
5 for each identified emitter at the first time; and 

wherein the first position calculating means is 
electrically coupled to the first amplitude measuring means for 
calculating the first radial position of the body about the axis 
based on the amplitude of radiation sensed for each identified 
10 emitter at the first time. 

51. The apparatus according to claim 4 9 wherein the 
positional characteristic measuring means further comprises: 

second emitter identifying means for identifying the 
15 emitters for which radiation is being sensed by the sensor at a 
second time ; and 

velocity calculating means, electrically coupled to 
the first emitter identifying means and to the second emitter 
identifying means, for calculating rotational velocity of the 
2 0 body about the axis based on the emitters identified at the 
first and second times. 

52. The apparatus according to claim 51 wherein the 
positional characteristic measuring means further comprises: 

25 second amplitude measuring means, electrically coupled to the 

sensor, for measuring the amplitude of radiation sensed for each 

identified emitter at the second time; and 

wherein the velocity calculating means is electrically 

coupled to the second amplitude measuring means for calculating 
30 the rotational velocity of the body about the axis based on the 

amplitude of radiation sensed for each identified emitter at the 

first and second times. 

53. The apparatus according to claim 52 wherein the 
35 sensor is disposed generally perpendicularly to the axis. 
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54. The apparatus according to claim 53 wherein the 
plurality of emitters generally lie within a common plane. 

55. The apparatus according to claim 54 wherein the 
plurality of emitters are disposed on a headpiece adapted to be 
worn by a person. 

56. The apparatus according to claim 55 wherein each 
radiation emitter emits radiation having a different frequency. 

57. A method for measuring positional characteristics 
of a body comprising the steps of: 

encircling the body with a plurality of radiation 

emitters ; 

positioning a radiation sensor for sensing radiation 
from different ones of the plurality of emitters depending upon 
a radial position of the body about an axis; 

identifying the emitters for which radiation is being 
sensed by the sensor at a first time; and 

calculating a first radial position of the body about 
the axis based on the identified emitters. 

58. The method according to claim 57 further 
comprising the step of measuring the amplitude of radiation 
sensed for each identified emitter at the first time, and 
wherein the first position calculating step comprises the step 
of calculating the first radial position of the body about the 
axis based on the amplitude of radiation sensed for each 
identified emitter at the first time. 

59. The method according to claim 57 further 
comprising the steps of: 

identifying the emitters for which radiation is being 
sensed by the sensor at a second time; and 
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calculating rotational velocity of the body about the 
axis based on the emitters identified at the first and second 
times. 

60. The method according to claim 59 further 
comprising the step of measuring the amplitude of radiation 
sensed for each identified emitter at the second time, and 
wherein the velocity calculating step further comprises the step 
of calculating the rotational velocity of the body about the 
axis based on the amplitude of radiation sensed for each 
identified emitter at the first and second times. 

61. The method according to claim 60 wherein the 
sensor is positioned generally perpendicularly to the axis. 

62. The method according to claim 61 wherein the 
plurality of emitters generally lie within a common plane. 

63. The method according to claim 62 wherein the 
plurality of emitters are disposed about the head of a person. 

64. The method according to claim 63 wherein each 
radiation emitter emits radiation having a different frequency. 

65. An apparatus for measuring positional 
characteristics of a body comprising: 

a radiation emitter; 

a plurality of radiation sensors encircling the body, 
the sensors being positioned so that selected ones of the 
plurality of radiation sensors sense radiation from the emitter 
depending upon a radial position of the body about an axis; 

positional characteristic measuring means for 
measuring positional characteristics of the body about the axis, 
the positional characteristic measuring means comprising: 
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firsr sensor identifying means, electrically 
coupled to the plurality of sensors, for identifying 
the sensors which sense radiation from the emitter at 
a first time; and 
5 first position calculating means, electrically 

coupled to the first sensor identifying means, for 
calculating a first radial position of the body about 
the axis based on the identified sensors. 

10 66. The apparatus according to claim 65 wherein the 

positional characteristic measuring means further comprises: 
first amplitude measuring means, electrically coupled to the 
plurality of sensors, for measuring the amplitude of radiation 
sensed by each identified sensor at the first time; and 

15 wherein the first position calculating means is 

electrically coupled to the first amplitude measuring means for 
calculating the first radial position of the body about the axis 
based on the amplitude of radiation sensed for each identified 
sensor at the first time. 

20 

67. The apparatus according to claim 65 wherein the 
positional characteristic measuring means further comprises: 

second sensor identifying means for identifying the 
sensors which sense radiation from the emitter at a second time; 
25 and 

velocity calculating means, electrically coupled to 
the first sensor identifying means and to the second sensor 
identifying means, for calculating rotational velocity of the 
body about the axis based on the sensors identified at the first 
30 and second times. 

68. The apparatus according to claim 67 wherein the 
positional characteristic measuring means further comprises: 
second amplitude measuring means, electrically coupled to the 
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plurality of sensors, for measuring the amplitude of radiation 
sensed by each identified sensor at the second time; and 

wherein the velocity calculating means is electrically 
coupled to the second amplitude measuring means for calculating 
5 the rotational velocity of the body about the axis based on the 
amplitude of radiation sensed by each identified sensor at the 
first and second times. 

69. The apparatus according to claim 68 wherein the 
10 emitter is disposed generally perpendicularly to the axis. 

70. The apparatus according to claim 69 wherein the 
plurality of sensors generally lie within a common plane. 

15 71. The apparatus according to claim 70 wherein the 

plurality of emitters are disposed on a headpiece adapted to be 
worn by a person. 

72. A method for measuring positional characteristics 
20 of a body comprising the steps of: 

positioning a radiation emitter for emitting radiation 
toward the body; 

encircling the body with a plurality of radiation 
sensors so that selected ones of the plurality of radiation 
25 sensors sense radiation from the emitter depending upon a radial 
position of the body about an axis; 

identifying the sensors which sense radiation from the 
emitter at a first time; and 

calculating a first radial position of the body about 
30 the axis based on the identified sensors. 

73. The method according to claim 72 further 
comprising the step of measuring the amplitude of radiation 
sensed by each identified sensor at the first time, and wherein 

35 the first position calculating step comprises the step of 



WO 95/09411 



PCT/US94/10590 



28 

calculating the first radial position of the body about the axis 
based on the amplitude of radiation sensed by each identified 

sensor at the first time. . _ . . . . 

74. The method according to claim 72 further 
comprising the steps of : 

identifying the sensors which sense radiation from the 
emitter at a second time; and 

calculating rotational velocity of the body about the 
axis based on the sensors identified at the first and second 
times. 

75. The method according to claim 74 further 
comprising the step of measuring the amplitude of radiation 
sensed by each identified sensor at the second time, and wherein 
the velocity calculating step further comprises the step of 
calculating the rotational velocity of the body about the axis 
based on the amplitude of radiation sensed by each identified 
sensor at the first and second times. 

76. The method according to claim 75 wherein the 
emitter is positioned generally perpendicularly to the axis. 

77. The method according to claim 7 6 wherein the 
plurality of sensors generally lie within a common plane. 

78. The method according to claim 77 wherein the 
plurality of sensors are disposed about the head of a person. 
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